Faculty of Fisheries, Kagoshima University, Shimoarata, Kagoshima 890, Japan (Received April 11, 1996) provement of 3 h.4) However, no accounts are available on prawn air tolerance after previous cold acclimation. The small difference of temperature between water and air was assumed to have a significant effect on survival time.
This study aimed to elevate the air tolerance of Kuruma prawn on account on the above assumption by increasing the relative humidity of the air medium. Further, aerial respiratory activity and the effect of aerial exposure on muscular levels of lactate and ammonia will be assessed to discuss possible metabolic changes.
Materials and Methods
The prawn used in the present experiment were obtained Statistical Analysis Data were analyzed by one factor analysis of variance (ANOVA) and Fisher's protected least significant differ ence (PLSD). Probability of p<0.05 was considered as sig nificance level.
Results

Tolerability in Cold Air
After transferring the prawns to air at 73 and 93% R.H., there were significant differences in their survival time. In 93% R.H. conditions, the 100% survival time was longer by 28 h than in 73% R.H. (Table 1) .
The pre-cooling was ineffective in lengthening the 100% survival time of the prawns in air conditions, and the cool ing did not show a significant effect on the survival. The times of approximate 50% survival at 73 and 93% R.H. were 28 and 70 h, respectively.
Respiratory Rate
At 93% R.H., the prawns remained alive during the respirometric experiment, and showed a respiratory activi ty for 60 h. When prawns were stored in air for 46 h, there was no change in the respiratory rate. The R.H. had no sig nificant effect on their respiration rate (p<0.05). However, a long period of air exposure (58 h) caused a sig nificant decrease in the respiratory rate compared to the control (0 h) ( Table 2 ). At 73% R.H., after 16 h of air exposure, the respiratory rate decreased significantly compared to the control (0 h) and faster than at 93% R.H. (Table 2 ).
Dehydration Rate
Reduction in body weight was evidently found after aeri al exposure. At 73 and 93% R.H. the mean rates of water loss were 17.28 and 4.71%, respectively. Compared to 73% R.H., the 93% R.H. showed a less water loss of body weight even with longer air exposure ( At 93% R.H., prawns could maintain their level of oxygen uptake while preserving stored water. For a long term (48 h), 93% R.H. produced no change in prawn respi ration rate and kept the metabolic rate at a level that the prawns in air were able to sustain without incurring seri ous metabolic damage. In 60 h air exposure at 93% R.H. and 16 h at 73% R.H. the respiratory rates were compara ble and both decreased compared to the initial value. There would be a build up of metabolic waste products in cluding dissolved CO2 and concomitant acid-base prob lems as a result of reduction in gas exchange capabilities as suggested in the case of crayfish and lobster. 1,14)
High reductions in body weights were found after 28 h of aerial exposure at 73% R.H. The values measured in the present study are consistent with the previous finding (15.71%).4) Undoubtedly, the weight loss was due to evapo ration from the body surface. At 73% R.H., the water loss by evaporation and body fluid concentration would quickly reach lethal levels. High R.H. as 93% greatly reduced the water loss by evaporation and allowed the prawns to retain large amounts of body fluid. Thus, under conditions where R.H. is high enough, it keeps evapora tive loss of water at a relatively low level and may allow the prawn to maintain a relatively high level of aerial oxygen uptake. Therefore, dehydration is a potential cause of death for prawns in air, but this problem can be practically eliminated by a proper design of the packing materials. At 93% R.H., the Kuruma prawn showed a progressive increase in muscular levels of lactate over a 60 h aerial ex posure, and this together with its lowered respiratory rate indicates a switch from aerobic to anaerobic metabolism. The prawn's anaerobic potential may have been retarded for delayed stress. Our results are not surprising in view of its maintenance of an adequate aerial respiratory rate com parable to that in sea water.8) High concentrations of lac tate in muscles are therefore evidence that the prawns have been out of water for too long. At 93% R.H., the prawns were calm, their anaerobic metabolism coupled with the aerobic one seems to be one consequence of a low energy requirement. Also, the delayed accumulation of lactate seemed to show that the prawns were not immediately stressed when removed from the water. 15)
The concentration of ammonia in muscles showed a slight but significant increase after 16 h aerial exposure at 73% R.H. and after 24 h at 93% R.H. Under the latter con ditions, ammonia levels remained constant. When holding the prawn in water, the ammonia excretion rose linearly with time.16) Muscular levels of ammonia in prawns kept in air are not available in the literature. In our previous study, haemolyniph samplings for ammonia analysis were difficult due to rapid and strong coagulation.4) However, it was reported that during aerial exposure the blood ammo nia content regularly increased in the crab Cancer pagu rus.17) A similar increase of blood ammonia was also ob served in the crab Cancer productus18) and at a much higher rate in the lobster Panulirus argus.19) This could be interpreted that part of the ammonia produced was stored in the prawn's muscles to reduce haemolymph ammonia loading while in air.
Finally, it is worth noting that an elevation in R.H. with cold water acclimation prolongs survival in air. The 100% survival time of the prawn in air at 93% R.H. was 220% longer than that at 73% R.H. Also this represents a con siderable improvement of cold air tolerance compared to our previous study.4) From these data the prawn's survival could be extended approximately 300%. The above treat ment improves the survival of the live Kuruma prawn dur ing transport. Bull., 85, 45-51 (1987) .
